Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s): 
Requested Patent: 



JP2000058777 
2000-02-25 

Rl SHOKO;; KIN EIKAN;; Rl SOMIN;; SAI JOSAI 
SAMSUNG ELECTRONICS CO LTD 



JP2000058777 
Application Number: JP19980363259 19981221 
Priority Number(s): 
IPC Classification: 
EC Classification: 
EC Classification: 
Equivalents: 



H01L27/108; H01L21/8242 



Abstract 



PROBLEM TO BE SOLVED: To trigger no chemical reaction even when a conductive 
polysilicon is used as a lower part electrode in succession in a semiconductor DRAM process, 
by forming a composite dielectric film comprising an alumina layer and an aluminum nitride 
layer on the upper part of a conductive layer with a pattern by an atomic layer vapor-deposition 
method. 

SOLUTION: A silicon oxide film 101 is formed on a semiconductor substrate 100 first, and a 
storage polysilicon 102 is formed as a lower part electrode constituting a charge storage 
capacitor, over which an alumina 103 is formed by an atomic layer vapor-deposition method. 
Being amorphous, the alumina film is excellent in step coverage, almost to 100%. Then the 
alumina layer 103 and an aluminum nitride layer 104 are repeatedly formed by the atomic layer 
vapor-deposition method in situ, forming an AI203/AIN composite dielectric thin film 115, over 
which a doped polysilicon is vapor-deposited to form the upper part electrode of a DRAM 
capacitor. 
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(54) ygwcD^ift;] mi-mM^m-mmvft7)Vii-/7)i^=.Kfi.i--(hy-cmmmmmr3dr'!'/v^i^ 

(57) [g**;] 180 

imm) ^i^mmm^mmmmi. mzs 
[ mm^m ] :^mff)^#mmii . m^mmm ( a 

LD) ij^^mmL. T;^$■^/T;^$-'>A^>f 

H (Al 203/AlN)X{i. r)VS.-^Ai-^ hy 
^ H/T;kS-'^A:t^i/ (oxy) i-^ hy-^ V (A 1 
N/A ION) 

mm^zmtxi,. mmtcnwim. ^t^mm^imn 

^BjoDRAMm?fS«m-\'^N°>':?(i. ft»^K-ft:^ 
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i?-ym^^tLfzmm±mzm^mmm (ald) 

^^•cr;^$■:^ (A I2O3) jltr;l/5-'>A-t^ h5-^ 

K ( A 1 N ) mcom-^m^i^mmm-mm isxw 

h'J;<-^;PT;l'5-'>A (TMA) iV-X:ffXtLX 
^Ul^&t: 3 0 0-4 5 OrtlH#l.. (A 

LD) :fir5^T'r;PSi-iii:r;i'$-'^A:h-f hy^ vm 

^JI 1 i::IBilc7)D R AMdf A-^'i/^Mig^rS. 
4 5 0~6 0 0r(C«Htt. JIi^l^« (ALD) 
©tOD RAM^^yti^:J'Sjt:^ft„ 

m.^^titzv~x:ffxwjKmmzi:y). mi'mmm (a 

LD) :;^5(;T'T;l-S-tltr;I^S:;'>i.-f^ hy^ }<m 
(i. h U^f-Zl/T/PS^'^A (TMA) V-;:^i:H20 

v-xRx/^ NH3V-xm^<r>mm<r>!S, iixnjv 
xjmxmx-^^. ±iS^OTMAy-^gEA. HzOy 

^ci6iOJFvgtt^#:Sr»i[A$-ti:l.it^3S4 IcfBiSOD R A 

TMAy-X, W^OV~X. n-^J ^ TMA 

y-X. ^N-S/. NH3y-;^Sl/, >'N-v08m'S: 

J: o T±l5<7)m^<7)Jf § ^ffi||iiJ-t^W5R}l4 fcia^cT) 
DRAMdf^yN°$^^Sji:&£. 
C W^R^S 7 ] iiaoSSS ix^c V-x ijxi^JMM 
(i, T;PS::^'>A:?n^-f K (A 1 C I3) V-XtH^ 

o y-;?.&i>', N H3 v-xm^cof^m<^^:^xJvi 
xmMT-^iX^it. ±iSr;k5-'^A^n7-Y K ( A 1 
C I3) V-X^X. HiOV-X^XRV^. NH3 
y-X?^[A<7)4'rat^N"->-'«oyii6<7):T:att^#:S:oi[A$ 
■^^ tmm4 i^zmmco d r a m ^ ^'Sit^rS o 



)\^^-^A^ay-i F (A 1 c 1 3) y-;^, yi-s/, 
H^OV-X. A'-x, T;l-S:i'>A^07-f H (Al 
C I3) V-X, J-^-i^. NH^V-XRV^. A-vcOS 

(argon) (Ar) . XJi. '^U'^A (He) C7)3 

h . V ^•m^'-oT'J) l.if ^^4 1 7t:{4ilS3H 7 (cieiJ 

msm 1 0 ] ^#:«lS±(:#mJl^^^tl.S 

9-ym^^ixtzmmm±.mzw.=f-mmm (ald) :^ 
5tfT;w5:i'?A-f-f h^-f h' (Ai N) m^mm-h 
\ ±imT)v^-^j^-)r4 Yy^ Ym±.mzT)v^ 

-■^M.-:^i>ri^i-4 h7-f H (A 1 ON) m^km^hW 

imimi 1 ] ±iEc7)r;t'5-':7A:t^>-^'< hy^ 
K (A 1 ON) mt:mwL-tim^\i. iiK^nv^-^ 
A-^-f F7-f H ( A 1 N) k^mm^x'^m.-thm 

^k^tsmimi 0{ciB$lic^DRAMdf^A-j/:J'gJi^r 

a. 

[ m^m 1 2 ] mmmimwL}L\>zm^^tifzm. 

#«Jl{4F-tyi/$ii;^^*''J v-y nySr-ttfll^Jll 
*/t{4ii*:^l 0(CiE®ODRAMdf-\'>'^V^'S^:^ 

1 3 ] ±M<^mmm^zj-^-?~ykmm-m 

mi. 

mS:^lt.fz\mi^ 1 OtlE^cODRAMJf^A-^:? 

p^fi. Pim:^-(rxi^ y^^TiiUi^v^yfrn^mm-h 
m§^ttinsm 1 s Ttaii^^s i o i^zmmcoD ram 

mm^znux . ^i^m^^mmtifzx:? -y 

yynym^t ; ±ieox^'-y^;K'Ji^U3y«Si±gp 
|)DRAM^-TyNV:?. 

[mm 1 6 ] ±iB«o«^iM*U4, T)}^ii—m 
=fMr/u^-^Ai-^ hy^ h*-iS^^ii<5owii^^*m 
{ifctT. m^^titzmm.mmmmiznm^tLfzmm. 
iMm-^m^mi st^iemoDRAM^^AV:?, 

[|«^3S17] m^^^affl^^A-ix^Srj^oDRAM 
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^i^i-^ Vy^ Y (A 1 ON) at ;±iaT;l^$-'^A 
U 3 ymn-c^ffi^^n/vii t &#St-tl. D RAMdf ^ 

H s y r? ynm^^tsmm. 1 5 1 tzimm. 

1 7tiEi£i7)DRAMdf^yti^^'. 

^/ctiaS^S 1 7 tiaSeOD R AM^^.'N°>-:? . 
[0001] 

[0002] 

l;^df-^'^^V:? (storage capacitor)*^ AWt'SSfSt 
(design rule) OtET'. rF^§n/:!^rarttC;*;?g*<0 
^bifi'Z^\,zt£i, , 

[0003] ClOJ: a ^Z. V^^Wz'&^m'. 

^^■^i^'?yxmi^nmmmm^^j^i^9^mmh 

nim<Dmmmzmmi-hiomi:^mt l, 
[0004] w^wmm^^r^-^i^i'c^^^wmimizit 

^^tlfz)sb<7)-tk^t LX. yr-fy (Fazan) mi. 
T^UA'^m'^ffms. 2 7 8, 0 9 1-ttfeV^T. 
X^-'/^'ffijicOTIiS^SLhtClHSG (hemispherical gr 

ain) i^uziymmm^-t^^tiziK). m^wmM 
^^^^i^^^'ffi^^^v^^yxim^^-^tim^m^t 

[00 0 5] tfc, ^rJ'V (T.Kittawa) 19 
9 2^JS International Conferenceon Solid State De 
vices and Materials^^f&:S:^$«J^ 9 0 M, 9 2H 
l,Z. rJ-y^J-yKt anta 1 urn) m-itM (TazOs) 
(DX 0 ^rS^mHSrfiM t/i 2 5 6 M h'v h D R AM 

(ommMzmmmm^r^ix^^^. 9y-^)vmit 

mttziiBST (Ba.Sri-^TiOg) !|tl«^{i. m 

^tifiim^tix^^hifi. iMmmif.m:nmL. d 



Xf-'y7°il^<—^) -vi^ (step coverage) iW^9y9 

ivmim^^thmz. mmmmm (surface kine 

tic regime) «7)®HTS)'|)®ffl (low temperature) X' 
(C VD ; chemical vapor depositio 

n) x'wmi^mh^t{zx^. ^^mmff^ 

A Yxiil-if-y (hydrocarbon) OMW\<r)^^m.. 

^m&fm\.zx.hvmMm\mM. ^wmm^ 

[0006] ^fitwmz^ 9y^m.\m(mmw^x. 
-mmw^\\fj:)i<m^^mmhfz>h(n^'^t l 
X . ^>}m^^/y ( u V 03 ) mmm^^r- 

y y 25^ ( dry O 2 anneal ) ^ i: <7)Xg*^ffiffl $ ixT V ^ 

\mfmzm,%ixhwm\i. ^y^ivmrnm^ 

!^ttSr[6]±§-it. ^U-ym^m (grain boundary)^ 

mmmmx'^hi:oiz^j:ho 

[0007]-:^. B STi^«f*{i, fi5l^^iS!^S: 
. m^htlfzibiZ. Xa ••/ Y^-M (Schottky barrier 

height) (7);«C#V^^JilSi(^^gffl*Ji2^ST'$)l.. t 
fz. ^JS€®t^yi^yaycorat^-5 7^}fflil! (oh 
mic contact) c7)/c46cOJl. ai^Sffih^y i^y 3 
cO-fb^S^J^iUSrK^-r y ^^/P ( barrlerm 
etal) (nUmtfi'JUMX'hh . 

[0008] ±M(7)B srmw^'S.'.i.. ^\^^iy9<r)±. 

T^^W^^i^fz)^. MIM (metal insulator meta 

1) ^Sjt^«*i: L-cfco. mmLtz^yi^mim. 

ti, MIS (metal insulator semiconductor) XtiM 

D RkmTmzmmthmz\t. mm'y y ^ ym^m 

. ( S i 02 ) m/OnO (oxidenitrideoxide) ^^^(C 
jSfflSilJt. ^yj^ynySrfiJffltfcS I S (semicond 
uctor insulator semiconductor) W&t^M^WiM^"^ 

[0009] 

[^Bfl*W^^LJ:ai:-r^iRli] df^yN-i/^c7)aa^li 
M^^htz>i^<r>-^^tLX . S^-CtS, =^f-^^^°i^:S' 

^AV^IrMf^^l.^ci6(C, mmimnW^ (equlva 
lent Tox)^fg< L^rJIttJf ^^^.^V^C t « L 

/i*^'-?T , t^oo N ofjimf^ii J; m^^mmm.im<r) 

(equivalent Tox)^5^':)McMLT Sif>5: 

[ 0 0 1 0 ] m.^m-mwT) RhmiLmzmm^ 
tix\^mw&r^')i^')^y^TmmzmmLxmm 
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u.z^^^^-ii^^iommmD ra 

C 0 0 1 1 ] L^c*>oT, *^BJomi c7)as<j{i, 

f 0 0 1 2 ] *^BJ^m2^gW{i. ±feS 1 <7)@6<){c 

[0013] *^BHtom3cos&<j{i. ±t^i<^smz 
MIX. m^j:m^tfjtmmm'm?:n-h. f 

[00 14] *^H^om4osw{i. ±mi<oBmiz 

MIX. mM(7)X9-y:? (stacked) SmMWm^^^ 
=5r<, S«L^^ftfjl«*iS«#:Jl^A{|L7ti«mWDR 

A Mmwswffl^ ^cDSit:^rffi^ sffi-r I. 

[00 15] 

-y-yrLxmrnm^-^^-y^mm-mm : ±iEA- 

^->'je^$iX/c^«Ji±gP(CiI^ii^» (atomic lay 
er deposition; A LD) ^r^T'T/L-i^^ (AI2O3) ® 

tryps -T^A^^ K (A 1 N) icoa^ism* 
iss-jg^f ; iiiv:±mm-^mmi*:m±mzm 
mmm-mmmt^z t ^mt-ti, dra 

[0016] ^^mcomsmmm-^timz. 

mi:^-t)].mm&tixz>^zy^^-~y^i^ ^ 

rzmmm±mzm^m^ (ald) ^it-cr/i'Si:'!; 

•l^i-^ h 7>f F ( A 1 N ) «^ l>g|ig ; ±|EOT 
Jli^^J^i-^hy^ VM±mz7fl'i~^Ayt^i.i- 
-i hy-( H (A 1 ON) Jf^Jg^-fl-gPg ; fcJ:t^-±ie 

[0017] ^mn<D^com(DEmmfS.tit:i^iz. 

^mii. l^^affldr^A'i^^^Jt-^DRAM^aiC 

ymmt ±.si^i''y:^^*j=yuaymm.mzm^$ 



m^mmmt ; ±mm-^m^^m±.mzmi$.^iifz 

I. D R AMdf ^r^N-v:? ^tl^f^ , 

[0018] *m<r)^m<Dmmm-ti>mz. * 

■ m?tg«ffldf^A°v^S-^oDRAMgB{Ci3 

A:h-< F7>f }'M±mzm^^tlfzTJUi-^Ayf^i. 
i-^ hy^ ¥ (A 1 ON) «t ; ±ie<7)T;U$ -r^^,^ 
h7>f K«±gKtJgfig§^i;tTl^-h (plat 

e) 4f ; ^ y r? ymmx-miS.^tLh ^ t d 

RAM^A-^NV^^^fit-^l,. 
[0019] 

[ 0 0 2 0 ] 02-4 (i. *l6HBc7)^.i Hifefiaitt^v^ 

D R AM^ A- AViJ'coSjt^a^ ^t-Ig)imaT'3^ 
I.. 022:#BS-f|,t, Sf^ftSRlOOifc^y 

( s i 02 ) 1 0 1 mm^iix}5 0 . «<t 

i^^jay { storage polysi 1 icon ) 1 0 2 A^B^^iXT 
v^S. -eiT. ±iEo*»ffl*:y^-yayi 0 2atAffi 
»K 1 0 1 T/l'S ^ ( A 1 2 O3 ) 1 0 3|i*>- 

m^^tix\^i. 

[ 0 0 2 1 ] ^Jfil^yt LT, ±ieOT/t.5:Ml0 3 
M^MMM (atomic layer deposition ; ALD) 
-HiiX-mm-h 1 1 *«T'# ryP5rM03^DRA 

TilfflLTV^|,xyt.y^-yy^- (sputtering) 

mi,zm»i'?>T^miiim^^'^^ ztt^x^ x 
1 0 3^j^^-ri./ia6c7)^itwi LT. it^^i^m 

(chemical vapor deposition : C VD ) ^iitSrJifflT' 
^li'. nUmc^x^-^-yi^-Uy^mttimiz. xy- 

(OT)Vii-nm: 1 0 3 (ALD) ^5^r 
m^^ixfz7)v^i-m\i. mikv. (amorphous) m 

X\ ;^f--yr;<rA'-y .yi/(ii 0 0%(2jg-::J<g^{c^f 

^^zmx'hh. 

[0022] 03<±. JI^l^«:^-CB^§ii/cT;l. 
S^^±gP{C7/PS:i'>i.-t'f h^'f Kill 0 4^m 
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y ■ i/^A- (in-situ) -rnoizKmrnizm 
m-hztizx-^x. AI2O3/A1 Nfi^^^jfwii 

[002 3] a4{i. ri^-h^KUxUnyill 0 5i7) 
fzA 1 2O3/A 1 Nli-^iM«cv^lil 1 5±I5t. F- 

\^y^^^titi^V i^*J:3yimM-th:itx\ dram 

^^^•<i^^cn±.^mi 1 0 5 ^mm-h . 

[ 0 0 2 4 ] as {i. 04 (Tismn 1 s oum>w±m 

x\ Tju^i-m (AiiO^) 1 03tr;i^=-'>ix-^-f 

h7-^F^(AlN) 1 04SrJ^^Ji^« (ALD) 
^tCj; -JS-?I1 (one atomic layer) Oiz^^l,Zii 

itx-m^^'^iztv. mm^tifzA 1 ^Os/a 1 Nit 
[00253 :^^m<^mmmt lx. 7)us.i-mio3 

S^il^« ( ALD) :^5^-C'l!JlllRaL-CJg^tl. 
i 1 1 J; 0 , it+Aco«§<OA 1 2 O3/A 1 Nit 

[ 0 0 2 6 ] [16 {4, *^0Hc7)*Jfe^J: LT. 
^ (atomic layer deposition ; ALD) 'J]^{Zi3\'> 

X. A[ 2O3/A 1 Nm^mmimmimm-hfzi^co 
I. A 1 2O3/A 1 Nm-^mmmmim^mwMif^ 

X'^m-hfzib<r>:ffXJ'^)Vi^yy (gas pulsing) 

[0027] t^j:hib. i-^ yj<-(r>&:hi-mztm 

titzMz. mz. w.K^iihnm%^x5 0 3m 

iZ, m&^tltz (pre-determined) y-XXf^SSAIi;? 
tiOs hV^i-JlT)US.~'yA (TMA, trimethyl 
aluminum)V-X5 0 0i:H2Oy-X5 0 1. NHaV 

5 0 2(4. -^i^mcom^xJvi'xmmx'^K^ 

tl. ^tl^tl<r>V-X:ffX'^XcO'p^l,ZJ-<-'J (purge 
or purging) ffl^vSft*'^ 5 0 4*^'aA§iXl.. 

[0028] :^^m(ommMt lx. mmm'^Rx/. 

)^-i^ijXXriV^y (argon) ( A r ) , ( N2 ) 
S/iJi^U'^A (He) 4'«fix*^oSrffiffl1-|,^fc 

[ 0 0 2 9 ] He 5:#B3-ri) t . TMA V-X-^n-i/ 
^H2 O V—X-^) N- i^'^TM A y 5;-^N Ha 

y-x^yN-d/iO SgpgAs. md^J-^iVxjmxiixifW. 

A 1 2O3/A 1 ^^'^wmmmnw-^\±. ifxfvvi^ 
y^-th^mr4 i^)V3 0 5com%mmzi.'>x. iebi 
[zmm-thzbt^x'h. 

[0030] -f-^sh-h. -^(r)iSxn)Vl^yy^A ^iv 

mi-thfs.::t A 1 2O3/A 1 nv)^-^m%w^ 

{42. 2A(1. 1 AS^OA 1 zOsi: 1 . 1 Aif iOA 1 



m-ttnt. ^<r>m.m.i.zi.y) . ^^wmimmm^ 
ifmm^zmm-hi.ot,zts:hff)x\ m^<r>w.^mm 

[003 1 ] if.%mzmmmmh lx. w.=tmm:-H 
^xA 1 2O3/A 1 Nm^mmi^nmimfS.t^tzi^(^ 

V-X:^'XX'$)-oXTMA (trimethyl aluminum) y- 
Xc7)i^'0liZTfVS.~'^A:?X3y-^ K (aluminum chlorid 
e. AICI3) V-Xi:mmi-&Zt^iX'^:h. i<7) 

1^. ^^mmm<^rz>^m'xr»Ammu. tju^-^j^ 

^uyAY y-X^^N-i^'-^Hj O V~X-^f^-i^-^7 
)V^-^M.9uy^ YV-X^J^-iy^l^H^V-X-* 
y>-j;t7)8Slig^«*#{ii: 

[003 2] ttz. TMAy-X$-fJfflLT±iB<7)^g^ 
lf^««^)iS:ffM-r-I.J©-&. 3 0 0~4 5 0'CcO^«ja 
ST'll3S<7)!^ttSrj#o»)i^#I.Ci:*5t-#, TMAy 
-X(7)i^^t<zT)V^-^2^9^y>{ YV-x^mmh 

^\.z\t. 4 5 0-60 o'C(7m^m.immhzt 

[ 0 0 3 3 ] ifWmW, 1 ^iifJiJtCcJ: ^Tm§ 

n/^r;us-^fiM{4, nmm (amorphous) mx\ 

XT'vril^^-^) •yi>{41 0 0%tj£V^fflf-l^o, Hig 
H^;yx-C'r-'Jy:?^ (annealing) JM^W^-fh:! 

hx. nm.<r>^^^m^^^hz)it^x'%h. ^<t^-% 
m\h Lx . im^mw. 1 wmm\izx -^xj&mix.tzr 

/P5-?-fiM2r8 0 O'Ct'i^T^'J 3 O^^^M 
L^tJi^. j«iOgiff$^jgft6 3 3 . 0 n mc03KtW 
LI. 6 4 0*»^1. 6 9 2lCii}!lP§-ti-|)::t*it'l= 

!>. Lfz-ti^->x. w^wmm-yii^x%m.fzr)v^i-n 
mt. \m<r>r-^)y<fiM<r>m&{\:km.. mmmy 

$ (Tox ) ^Wi'H^th z b mwx^ h . 

[0 0 34] T;^s-^W4. i^')^ym\m{sio 

2 ) u 3 yM-ftji ( s i N ) (r>m^mmwmz]t 

y— ■ y— hVN^A (Fowler-Nordheim) ^^y°<7^Vy 

A-)v mm mw^^:h~xuzwmhmB'mm (di 

electric breakdown) iRftt^^'Mlltc:^ V\ Lfc*^' 
*|gB3<7)^l^M^MV^A 1 2O3/A 1 N«-^ 
iS«fi|sSli&fi5fflL?^cDRAM^^yNV^'gg(4. m.^- 

mmm-mx:mmL'^ir< . r-)v- yvy^v (Pooi 

-Frenkel ) h>^yl^?Sa€S;^;*-XA*^'l./bfL|.T7P 
S-'^A-t^ H (A 1 N) W^^7)\'^& (A 1 
2 O3 ) i: -^'^xmL^^h i t J; -5 T , Sm^T-O^ 
^Mfi5«#14?:a5t#§-ti:l. i b ii^X% h . 
[0035] H7J4, *l&Hfl<7)ll2lllifeW=ff ^ DRA 

flsSM 1 0 0±(C}gfiic$^17ti/U nyig-ft^ 1 0 1 
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i>\ "^mmm 0 0 ±mz^mmco^u-y (hem 

spherical grain ; HT" HSG" t\>^0) SrJ^OTgP 
mm^^-y^ (stacked) U v U 3 > «S l 

0 2mmilX^^l, 

ymmio2±mz. TJu^mmtrju^-^Mi-^ 
[0 0 3 7] 08{i. mm<7)m3mmmizmdDRA 

M=^-vAV^'c7)ffiffil3T'J>l,, asmHS-fSi:, 

0 0±tJg^$il;t^^.y^^'J^,j-,^-pgp 

mmi 0 2{i, «fflaSrli;»c$ii-^^t. R^Jg (cyl"i 
ndrical) ^«S:LtfcO, ±Mmmmxi^ ^i^^U 

i-oa yT^mm 1 0 2±gptc. fia^c7)ii^i^»5^^ 

[0038] 119-1 iji. mm<7)m4mtmmo 
I.. 09mBs-f^i:, 'mmmioo±izi^v^y 
mss.t^T^mmt Lxmmm^ 'j u 3 > i o 2 

0 2&u'mmi oi±mz. r;ps-.>i,^^ f.^^ 
K2oo>^«§ixTi^s. mmmtix. ±mcoT;u 

[ 0 0 3 9 ] 0 1 0 im-t?, t . m^Mm*:fi^x'm 
*^tifzTji^^:z^j,i-^ h 7^ h'S2 0 0 imm { O 
2 )^m:^'xTX'mit^-±& ztizx^). mcor)v 

^-^J^i-^ Vy^ m^200±.mz. TlV^-^A 
^^i-i-^ hy^ K (A ION) 20imm-h. 

[0 04 0] zfitmiz. ^^mmimxm^^tL 

fzT)V^-^Ai-^ Y200±.mzT)li-'^A 
hy^ ¥20 1^m^L. Al N/Al ON 

^MmntLxmmtm. r-)i-ywyy,\,^^y 

^S;t'(tT'{±^<, T)V^-^Ai-^y-y^ Ha2 0 0 

<miY.:Ln.mx'^^^'^i^-^nMi 0 2bT)v^-^A 

i-^hy^Y20 Omz^-t:^mm (interface 
defect ) i^mX'^ ^mifihh, 

[ 0 0 4 1 ] B 1 1 ^m:t^ t . m.JMm^m.x 

m^-^tltiT)V^~^j^t^^^i-^ VyAY20\±M 
fc. ^^'•<l^^±MmmbLx■ru-hlr^^Ji^^)zlyl 
0 5m^^tlX^^^. 

[ 0 0 4 2 ] HI 2\i:^m<rim5mmi.zno\i ra 

mimU 1 0 0±tJg^§ii7t:^ 1; rJVK-ftli 1 0 i X 



io2m^^ixx\^^. mx. ±ieoHSG#mffl 
-^yj^-r^ hy-! Y^2oom^^ti. ±ieo7/Ps 

-"^^^^ Kjfji2 0 0£g?^#H^;J-;^-ir-eK 

^t§-ti:S ^ i: (c J; 0 . mmmi^7/>^-f;j,yta^ 
F2 0 1 2rJgfig-rS, Uc*>'oT. *5^bJ 
<^^5mMMiZUoDRAM^-^Jti^^l±^ USGMB 
(^A 1 N/A 1 ONa^iS^flssill^^flii^^^^^ 

[oo4 3]ai3{i. mmmemmmoDR 
AM^^r^-^'^fmmmx'iyi.. misi^m-r^k. 
"^i^^ioo^iz^^v a ymmmi 01 rn^^tL 
•cfco. mmy^^'y^mmvi^u^yTummi 
0 2m^^iixi^^. m^^x. mmmm^^^^^^i^ 

^^•y^mmm^ui^uaym&io2<7)±.mz m 
^M<7)m3mmmx'mmu^ifii^z^r)A i n/a 1 on 

[0044] m^Mc^mmmmm&t^^mam 

[0045] m^^^tLf^i^mcowbtt^^mmmii. 

[ 0 0 4 6 ] ^ ^mx'm^.^titimmtmm 
mmmm-smrmti fzi^izmmmx-miE 

[ 0 0 4 7 ] $ mmmm(r)mkLtz^\,zj: § 

[0048] 

^(^mijmii. mcommmm^mmitzDRA 
M^^jv^^i^^^ xm±mmim-tmmx 

tr/li^^J^i-^ Yy^y: (AI2O3/A 1 N) it-ir 
'>A:t=^i^-t^ h5>f K (A 1 N/A 1 ON) ^f-^fjim 

^"mi^DRAMxmizm^tix^^im^^ui^u 
^y^T^mtixmmixmmtxi.. mmmmm 

•y A- «J .y D R A 

[0049] s/c. mmit:fitm^j:mmm 
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[US] 04. m7RX/m8cr)^m8 0(7)m&.<7)— 

me] ^^m<^m i mmm^zm o fK^mmm ( a l 

mi ] *||BflcOSg2||]!ffefi?IJ(C#3 DRAM^^M-i^^ 
[08 ] *^0BiOlg3lllffeWcta!-5 DRAM^-vA°i^^ 
[09 ] *5%B8iOm4^]iffiWc1^^ DRAMdf A-vti^^ 

[01] 



[010] ^wM<r)m4mmmiz^oDRAM^xJ-^>' 
[01 1 ] ^^mcom^mmmiz^oDRAM^^-'-^i^ 

[012] *^BBcO||5^MfiaJtfi!^ DRAM^-^yN-j/ 
[013] *%HBom6|liSfiaJ(;ta!^ DRAMdr-v^V 

10 0: 

10 1: i^UnyK-ftli 

10 2: ^RtKU 'J 3 yTSSmfii 

103: TJUii- (A I2O3) fiM 

104. 2 00 : T;1^5-'>A-t'f H (A IN) 

1 0 5, 202 (plate) ^>J>-';3y±gE 

Hi® 

1 1 5, 1 25, 1 3 5 : Al^Os/AlNli'&iSSfls 
20 1 : r/^i-^jU:^^^^^ F (A ION) 

[02] 



m 
s 

\ 

(1h 




0.01 ojH aio ai5 ojo azs ojo ojs 0.40 oas aso 



^-^/"?V^fOt£S [nm] 



[05] 



.--•-•s. 180 




TMA ;^ 

HaOy— ^ 
NHs y— ^ 

(Ar.^b,He) . 
(Ar.N^Hfl) . 



ON 



[06] 

^sdo 



OFF 



ON 



OFF 



ON 



ON 



OFF 



OFF 



OFF 



5C1 



^3 

ON 



ON 



OFF 



502^ 



504 



OFF 



ON 



OFF 



ON 



505 
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[011] 



[012] 



200 




200 




[01 3] 




28#tfi 



r^N°-hl08a202-f- 
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